We investigated the changes in the methylation patterns of CpG islands associated with blast formation of human peripheral blood lymphocytes activated by anti-CD3 and interleukin-2 (IL-2), using restriction landmark genomic scanning with a methylation-sensitive restriction enzyme (RLGS-M) system. Of about 2,100 Not! spot/loci which were analyzed, only 10 showed changes, whereas drastic changes have been observed in cases of malignant and SV40 transformation. These changes were highly reproducible for samples from both the same and different individuals. Even the timing of the changes after cultivation was the same. Thus, we concluded that at least the genomic DNA methylation state in vivo was essentially retained in T blast cells activated in vitro by induction with IL-2 and anti-CD3, which are commonly used in biological experiments as well as clinical diagnosis and therapy.
Introduction
Recent progress in modern clinical technology requires new methods for collecting living cells from patients, proliferating them and then returning them to the patient. The need for proliferated lymphocytes retaining their in vivo state before proliferation is greatly increasing in clinical diagnosis and even more in gene therapy. For adoptive immunotherapy 1 or gene therapy, 2 the in vitro proliferated cells readministered to the patient's body should not carry any abnormal phenotype, such as due to cancerous change. Even in modern clinical diagnosis, analysis of genomic DNA is frequently done, such as by examination of triplet repeat expansion and its methylation in fragile X 3 and Huntington's disease. 4 An efficient method to meet these purposes would be in vitro proliferation of peripheral lymphocytes or blood stem cells, but the method requires a great increase in the number of cells which retain their in vivo state of gene expression and DNA methylation as well as their phenotype. In the past, mitogens, phytohaemagglutinin, pokeweed mitogen and other materials have been used, but they Communicated by Mituru Takanami * To whom correspondence should be addressed. Tel. +81-298-36-9145, Fax. +81-298-36-9098
did not result in a substantial increase in cell number.
To overcome this problem, Sekine et al. 1 reported a very powerful method for activating the T-cells, based on induction with interleukin-2 (IL-2) and immobilized anti-CD3 antibody. Using this method, the patient's T-cells can be grown from 5 ml of blood sample to 1 x 10 11 cells, enabling readministration of the proliferated cells to the donor patient for adoptive immunotherapy.
In the past decade, a variety of studies have established the presence of a correlation between DNA methylation at CpG islands and its transcriptional activity. 5 This correlation can generally be observed not only in tissue-specific genes but also in housekeeping genes. This finding led us to consider DNA methylation as an efficient tag for examining whether or not the cultured cells can retain their in vivo state. For the analysis, we used our recently developed technique of restriction landmark genomic scanning (RLGS) to scan for DNA methylation throughout the entire genome, based on the concept of using the restriction enzyme sites as landmarks. 6 ' 7 It employs direct endlabeling to the restriction enzyme site of genomic DNA and high-resolution two-dimensional electrophoresis. RLGS can identify more than 2,000 spots/loci in a single gel. This method has been used for rapid construction of a mouse genetic map, 8 detec-
tion of alteration in cancer DNA, 9 and establishment of a high-speed positional cloning method, resulting in identification of the mouse reeler gene. 10 ' 11 Using methylationsensitive restriction enzymes as landmark enzymes, the methylation condition in the genomic DNA at many sites can be scanned very rapidly (RLGS-M).
7 ' 12 ' 13 Using this system, several genes have been identified. 14 Recently, RLGS-based analysis of the DNA methylation in cell lines showed that the methylation condition is totally changed and that this methylation and gene expression pattern are not reproduced at all in some cell lines 13 (at least up to 18% of total Notl sites). Such drastic changes were also observed not only in SV40 T antigen transformation but also during spontaneous isolation.
In this study, using RLGS, we examined the DNA methylation states during blast formation with immobilized anti-CD3 and recombinant human IL-2 of peripheral blood lymphocytes which are used for in vivo administration, and obtained evidence supporting the idea that genomic DNA methylation changes during T-cell blast formation are controlled in a programmed manner and the in vivo DNA methylation state is accurately reflected by the activated T-cells.
Materials and Methods

Culture of peripheral blood lymphocytes
The method for cultivation of peripheral blood mononuclear cells (PBMC) has been previously described. 1 PBMC were isolated from heparinized venous blood obtained from healthy donors after centrifugation on Histopaque (Sigma). The collected mononuclear cells were washed once with RPMI-1640 medium (GIBCO), stained with Trypan blue and counted using a hemocytometer. The complete culture medium (CCM) used in primary culture was RPMI-1640, 10% fetal calf serum (FCS) and recombinant human IL-2 (rhIL-2, 700 units/ml). For preparation of anti-CD3-coated flasks, purified anti-CD3 (Janssen-Kyowa), was diluted with sterilized PBS to 5 /Ug/ml. Antibody solution (10 ml) was added to culture flasks of 225 cm 2 (Sumitomo Bakelite). The solution was allowed to settle at room temperature for 1 day and stored in a refrigerator until use. Anti-CD3-coated flasks were washed three times with sterile PBS before use. All cultures were incubated at 36.7±0.2°C in a humidified atmosphere containing 5% CO2. Cultivation was continued for 12 days and the activated lymphocytes were harvested every 3 days to prepare each genomic DNA. 15 
RLGS-M method
Precise protocols for the RLGS-M method were previously described. 16 The RLGS-M method is composed The second digestion was performed with 100 units of restriction enzyme B, Pvull, and (e) the DNA was electrophoresed in a 0.8% agarose gel. (f) The disc of the gel containing DNA was treated with 750 units of restriction enzyme C, Pstl (Takara), (g) followed by two-dimensional acrylamide gel (6%) electrophoresis and (h) autoradiography. Complete digestion of DNAs by restriction enzymes was always confirmed in another reaction under the same conditions except for the addition of test plasmids.
Analysis of RLGS profiles
Variant spots were identified by comparing the patterns of activated lymphocytes with those of preactivated lymphocytes. The spots which differed during activation were selected visually.
2.4-Cloning of RLGS spots and Southern analysis
Molecular cloning of genomic DNA fragments corresponding to RLGS-M spots was described previously.
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Not\-Pstl genomic DNA fragments were recovered from RLGS gels, cloned with pBluescriptll KS(+) (Stratagene, California) and employed for the following analyses. Southern analysis was performed using genomic DNAs before activation and after 6 and 12 days. Genomic DNAs, 5 /xg, digested with Pvull or Pvull and Notl were electrophoresed in a 0.8% agarose gel, followed by Southern hybridization using the cloned genomic DNA as a probe.
Results and Discussion
The method for blast formation of T cells by IL-2 and immobilized anti-CD3 can proliferate 5 ml of human blood sample to 2.2 x 10 7 cells in one activation step of 12 days. With an additional series of activation, they can be increased to l.OxlO 10 . We harvested 2.0xl0 7 cells every 3 days after starting cultivation. Figure 1 shows the RLGS pattern before activation and after 12 days when the cells had proliferated to 2.0xl0 9 . To produce these patterns, Notl, Pvull and Pstl were used as restriction enzymes A, B and C, respectively, and 2,100 spots were analyzed. Only ten spots (Spots 1 through 10) changed during the proliferation. This indicated that the DNA methylation state was not drastically changed in the blast cells activated in vitro. We next examined whether or not the change in the intensity of the ten spots could be reproduced in samples from the same and different individuals. Figure 2 shows the RLGS patterns of Spot 8 before activation and at 9 and 12 days after activation. The changes were completely reproduced regardless of the individual. The change of the intensity of these ten spots depended on only the stage after activation and not on the individual nor on the repetition of the trials. The transition patterns of the intensity of Spot 1 through 10 are shown in Fig. 3 . All of the RLGS patterns are also reproduced.
During the blast formation, the changes in spot intensity were expected to be due to changes in DNA methylation at the Notl restriction landmark. To confirm this, we isolated the DNA clones from the punched-out RLGS gels and used them as probes for Southern blots. Our data demonstrate that the method of blast formation with IL-2 and immobilized anti-CD3 is a very powerful way of proliferating the T cells without drastic alteration of the in vivo DNA methylation. Only ten spots/loci were changed by methylation, and the changes were reproducible regardless of the individual. There are two possible explanations for these changes. One is that the expression of some genes changes due to the blast formation, and methylation, possibly in CpG islands, is also accompanied by a change in the transcriptional state. The other possibility is that there is an alteration in the cell population. During blast formation, only the T cell population increased to become the majority and the cell components changed. These ten spots did not display any drastic and random methylation change such as that seen in malignant 9 ' 19 and SV40 transformation. 13 Instead, their methylation seemed to be genetically programmed and their changes were always reproducible. This pattern of DNA methylation is similar to the programmed methylation change in CpG islands during development rather than the random methylation change occurring during oncogenesis change or SV40 transformation. T cells proliferated by this method are actually used for direct administration to patients with cancer to enhance their immune response. 1 In this process, blast formation should not involve any irreversible change (cancerous change) in the genome, such as due to deletion, amplification or alteration of DNA methylation. Also an in vitro culture system, reflecting the in vivo state, is often required to analyze genomic DNA of patients suffering any genetic diseases. Our findings suggest that the T cells activated by IL-2 and immobilized anti-CD3 retain their normal in vivo DNA methylation state, and do not undergo any drastic DNA methylation change such as that occurring in cancer or cell transformation. This shows that the activation method by IL-2 and anti-CD3 antibody is a powerful tool for the preparation of in vitro proliferated cells retaining the DNA methylation state in vivo.
